Giardia-like microorganisms were found as a result of a Cryptosporidium/Giardia detection assay on winter reservoir samples. The morphological aspects, DNA sequence of the microorganism, and specificity of immunoassay reagents were investigated. The microorganism was very similar to a Giardia cyst. The cell was oval shaped (11.0 μm in length, 7.7 μm in width), contained organelles and was stained bright apple-green by a fluorescent monoclonal antibody, although no axonemes or curved bristles were observed. Cross-reaction occurred with the anti-Cryptosporidium, but not the anti-Giardia, immunomagnetic antibody. The specificity of the fluorescent monoclonal antibodies differed depending on the product. As a result of the analysis of the partial sequence of 18S rDNA, the microorganism was identified as Lunulospora curvula, mitosporic Ascomycota. These findings will be very helpful for avoiding false positives in future assays. Key words | cross-reaction, Cryptosporidium, Giardia, immunofluorescence assay, immunomagnetic separation, polymerase chain reaction 29.8 m. Ten to eighty liters of surface water were collected in plastic containers from
INTRODUCTION
) are reported to cross-react with immunofluorescent antibodies, and this is likely to cause a false positive when their morphological characteristics and fluorescence intensity are very similar. However, little is known about these organisms. A profusion of Giardia-like microorganisms were found as a result of the detection assay for Cryptosporidium/Giardia in winter reservoir samples in Kobe City, although there was no contamination source near the reservoir. Therefore, we investigated the characteristics of this microorganism and the specificity of reagents used for separation and staining.
MATERIALS AND METHODS

Sampling
Water samples were collected at the Nunobiki Reservoir, which is used as a water source for Kobe City (34 W 42 0 40 00 N, 135 W 11 0 25 00 E). The reservoir is a small oligotrophic lake with a surface area of 0.62 km 2 and a maximum depth of
Filtration and separation
Water samples were filtered and concentrated by the hydrophilic polytetrafluoroethylene (HPTFE) membrane filtration method (Oda et al. ) . Then, Giardia-like microorganisms were separated using anti-Cryptosporidium immunomagnetic antibodies (Dynabeads GC-Combo, Invitrogen Dynal AS, Oslo, Norway) following the manufacturer's instructions.
Staining and observation
Giardia-like microorganisms were stained by immunofluorescent reagent (product A) and 4 0 ,6 0 -diamidino-2-phenylindole (DAPI) on a well slide. Product A is the mixture of immunofluorescent monoclonal antibodies against Cryptosporidium oocysts and Giardia cysts. The microorganisms were observed under differential interference contrast (DIC) using an epifluorescence microscope (BX50, Olympus, Tokyo, Japan).
DNA extraction from environmental water samples
Microorganisms collected by immunomagnetic antibodies were concentrated by centrifugation at 6,000×g for 10 min in a polymerase chain reaction (PCR) tube, and an aliquot was removed. Ninety microliters of ATL buffer (DNeasy Tissue Kit, Qiagen, Tokyo, Japan) was added to the pellet, followed by five cycles of freezing in liquid nitrogen for 1 min and thawing at 25 W C for 2 min. After that, DNA was extracted with DNeasy Tissue Kit and manufacturer-recommended procedures.
PCR amplification
Two sets of primers were used for PCR to examine the presence of Cryptosporidium or Giardia in the water sample. Amplification conditions were 94 W C for 2.5 min, followed by 30 cycles of 94 W C for 1 min, 55 W C for 1 min, and 72 W C for 1.5 min, with a final extension at 72 W C for 6.5 min. Amplicons were electrophoresed on 1.5% (wt/vol) agarose gel containing ethidium bromide (final conc. 0.5 μg ml À1 ).
Single cell separation
In total, five cells were separated by the micropipette wash- 
DNA and RNA extraction
Five cycles of freezing at À80 W C for 2 min and thawing at 37 W C for 1 min were performed to extract DNA and RNA from the microbial cells. The sample was sonicated for 30 s in an ultrasonic cleaner (IUC-7321, Tocho, Tokyo, Japan), and incubated at 60 W C for 60 min with Proteinase K (final conc. 200 μg ml À1 ), then heated at 95 W C for 5 min to inactivate the Proteinase K. 
RT-PCR
RESULTS AND DISCUSSION
Morphological aspects of Giardia-like microorganism In a DIC examination, observation at 1,000-fold magnification is necessary. However, a dry cell on a well slide is wrinkled, making it difficult to distinguish the organelles of the microorganism from the axonemes and curved bristles of a Giardia cyst. In that case, observation of a fresh cell will make the differentiation easier.
PCR and sequencing
No amplicon was found when PCR was performed with the primer pairs targeting the genes of Cryptosporidium or Giardia (Figure 3) , although a profusion of the Giardia-like microorganisms were detected in the samples during the experiment period (around 3,000 cells per 10 l). The oocysts of Cryptosporidium and cysts of Giardia were also not detected in the microscope assay. Therefore, it is concluded that there were no Cryptosporidium oocysts or Giardia cysts in the water sample. These results are in agreement with the fact that there was no contamination source, such as a stock farm or waste water treatment plant, near the water reservoir.
Only a single band was detected in DGGE, indicating that there was no DNA or RNA contamination in the purification procedure (Figure 4) . The excised DGGE band showed 99% sequence similarity to the 18S rDNA of Lunulospora curvula, which is mitosporic Ascomycota, and belongs to Sordariomycetes ( Figure 5 ). The microorganism was phylogenetically distant from Giardia and Cryptosporidium. L. curvula inhabits submerged leaves (Patil & Borse ) , and also the endophytes of riparian plant roots (Sati & Belwal ) . Aquatic fungi play a major role in the degradation of submerged leaf litter and nutrient release in the aquatic ecosystem (Wurzbacher et al. ) . The Nunobiki
Reservoir is surrounded by forest, which contributes to an increase in leaf litter during autumn and winter. Therefore, Lunulospora may have grown on the leaves. Based on the morphological aspects, the microorganism was presumed to be an ascospore.
Specificity of the reagents for immunoassay
The microorganism cross-reacted with the anti-Cryptosporidium, but not the anti-Giardia, immunomagnetic antibody (Table 1) 
